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Des ription 

TECHNICAL FIELD OF THE INVENTION 

This invention relates to light polarizers, and 
more particularly to light polarizers and a method of 
manufacture using prolate spheroid metal particles 
deposited on a transparent sheet substrate. 

BACKGROUND OF THE INVENTION 

Sheet polarizers were developed to replace 
beam-splitter polarizers which are expensive, bulky 
and of limited size. The art of sheet polarizing material 
is well known dating from Edwin H. Land's invention 
of the H-sheet dichroic polarizer in 1938. Production 
of plastic polarizing materials in sheet form is a two 
step process. First, a suspension medium containing 
long chain molecules is stretched to align those long 
chain molecules. Second, polarizing dichroic mole- 
cules are added to the medium or included in the me- 
dium which attach themselves so as to be oriented 
along the aligned chain molecules. The light polariz- 
ing particles may also be dispersed in the medium 
and aligned by extruding, rolling or stretching the me- 
dium. 

Although most sheet polarizing material market- 
ed commercially has been the organic plastic material 
type, research has been performed on high perfor- 
mance glass polarizers for ophthalmic applications 
where high surface hardness and good scratch resis- 
tance characteristics are desired. Polarizing glasses 
have been prepared where ellipsoidal metallic partic- 
les are dissolved in the glass. The polarizing action is 
based on the fact that the ellipsoidal metal particles 
absorb light polarized along the long axis and transmit 
light polarized perpendicular to the long axis. 

Three methods for making polarizing glass have 
been disclosed in recent patent literature. U.S. Patent 
Nos. 3,540,793; 4,125,404; and 4,125,405 disclose a 
polarizing action in photochrome glasses containing 
silver halides which are darkened with actinic radia- 
tion in the range 350 nm to 410 nm and bleached with 
linearly polarized, bleaching light 

U.S. Patent Nos. 3,653,863 and 4,282,022 dis- 
close the manufacture of highly polarizing glasses 
starting with glass which is phase separable or pho- 
tochromic and contains a silver halide which is heat 
treated to form silver halide particles of the desired 
size. The glass is then subjected to a two step proc- 
ess. First, the glass is heated at an elevated temper- 
ature between the annealing point and the melting 
point (500°C to 600°C) followed by stretching, extrud- 
ing or rolling the glass containing th silver halide par- 
tic! s to longate th m and ori nt the particles to an 
llipsoidal shape. S cond.th glass is subj ct d to ir- 
radiation by actinic radiation to produce silver metal 
n the surface of the silver halide particl s. An im- 



provem nt of the s cond step is disclos d in U.S. Pa- 
tent No. 4,304,584 where th xtruded glass is h at 
treated in a reducing environment at temperatur s 
b low th annealing point of the glass in ord r to pro- 

5 duce elongated metallic silver in the glass or on the 
silver halide particles in a surface layer of the glass 
at least ten microns thick. The process includes the 
making of composite glass bodies where polarizing 
and photochromic glass layers are combined and 

w laminated. 

A further method for making polarizing glass is 
disclosed in U.S. Patent No. 4,479,81 9 for the near in- 
frared spectral region described as 700 nm to 3000 
nm by improved glass drawing and high temperature 

15 reduction techniques. A further method is disclosed in 
U.S. Patent No. 4,486,213 for the cladding of a core 
polarizing glass with a skin glass in order to achieve 
high aspect ratios for the elongated metal particles. 
U.S. Patent No. 4,908,054 discloses methods for im- 

20 proving the contrast and the bandwidth of polarization 
action for the product described in U.S. Patent No. 
4,479,819. 

A third class of polarizers are Hertzian polarizers 
which place metal wires on the surface of a transpar- 

25 ent optical material. Prior to 1900, Heinrich Hertz 
demonstrated a method for polarizing radiation using 
an array of parallel reflective wires which were long 
compared to the wavelength of the radiation to be po- 
larized, and the wires were separated by a distance 

30 much less than the wavelength to be polarized. The 
Hertzian polarizer is often configured as a grid of 
wires but can also be irregularly spaced wires which 
meet the polarization conditions. The Hertzian polar- 
izer transmits the radiation with electrical vector per- 

35 pendicular to the wires and reflects radiation with 
electrical vector parallel to the wires. 

U.S. Patent No. 3,046,839 discloses a method of 
manufacturing a Hertzian polarizer on the surface of 
an optical material by forming a diffraction grating on 

40 the surface. The diffraction grating consists of 
grooves and the groove tips are evaporatively coated 
with metal to form an array of metal filaments. U.S. 
Patent No. 3,353,895 discloses a method of manufac- 
turing a Hertzian polarizing material by forming metal 

45 filaments using an evaporative shadowing method. 
Evaporated metal is directed near the grazing angle 
toward a bumpy transparent material covered with 
protuberances. Metal filaments of a Hertzian polariz- 
er are produced by forming filaments which lie along 

so side the protuberances and are separated by the 
shadows cast by the protuberances. 

U.S. Patent Nos. 3,969,545 and 4,049,338 dis- 
close a Hertzian polariz r having f Nam nts of metal 
which are vaporatively deposit d on smooth surfac- 

55 s of transparent optical mat rial. The m tal ele- 
ments of the Hertzian polarizer are silv r whisk rs 
grown on the surfac by grazing angl vacuum de- 
position of silver. 
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Each of the three class s fsh etpolariz rslack 
characteristics to produce a high performance polar- 
izing material suitable for b th th visibl and near- 
infrared sp ctral r gion (400 nm to 3,000 nm). The 
plastic sheet polarizers have poor performance in the 5 
near-infrared spectral region and are easily damaged 
because of the softness of plastic. The Hertzian po- 
larizers applied to optically transparent materials re- 
flect rather than absorbs the unwanted polarization 
components of radiation which is particularly undesir- 10 
able for ophthalmic and display applications. The 
Hertzian method, although successfully applied to 
the near-infrared spectral region, has not been effec- 
tively extended to the visible portion of the spectrum 
because of the difficulty of producing a uniform den- is 
sity of metal filaments spaced at separations much 
less than the wavelength of light Finally the polarizing 
glass method is limited to glasses which are highly 
specialized compositions containing silver. Although 
the polarizing glasses under the trademark POLA- 20 
COR are effective near-infrared polarizers, the origi- 
nal goal of manufacturing ophthalmic quality glass for 
use in quality and prescription sunglasses has not be 
achieved. This unmet goal is due to the complexity 
and difficulty of the shaping and heating of specialty 25 
glasses and a failure to control the shape and uni- 
formity of the polarizing metal particles for the visible 
spectral region. 

A need has thus arisen for a polarizer and method 
of manufacturing polarizing material having high per- 30 
formance for both the visible and near-infrared spec- 
tral regions. This object is solved with a light polarizer 
as defined in claim 1 and a process of making light po- 
larizing material as defined in claim 15. 

35 

SUMMARY OF THE INVENTION 

The present invention sets forth a method of 
making polarizing material having high contrast in the 
visible and near-infrared spectral bands (400 nm to 40 
3,000 nm). The method consists of covering the sur- 
face of an optical material with aligned prolate spher- 
oid metal particles. The light polarization component 
parallel to the alignment direction is absorbed and the 
polarization component perpendicular to the align- 45 
ment direction is transmitted. The wavelength of peak 
polarization is determined by the length-to-width ratio 
of the prolate spheroid metal particles and the refrac- 
tive index of transparent material surrounding the 
metal particles. A lig ht polarizing material is disclosed so 
which has a contrast ratio greater than 1 ,000 for wa- 
velengths in the visible and near-infrared spectral 
band. The material is comprised of prolat sph raid 
silver particles uniformly distributed and aligned on 
th surface of an optical material. A method is s t 55 
forth for making polarizing material by vaporativ ly 
coating a smooth glass surface with multiple lay rs f 
prolate spheroid metal particles. Th wavelength f 



peak absorption can be s I cted to fall at a desired 
wavelength in the range from 400 nm to 3,000 nm by 
control of the deposition process. A method is dis- 
closed for the evaporative deposition of metal partic- 
les directly on to a smooth optical surface and locat- 
ing the wavelength of peak absorption by variation of 
the multilayer deposition process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the pres- 
ent invention and for further advantages thereof, ref- 
erence is now made to the following Description of the 
Preferred Embodiments taken in conjunction with the 
accompanying Drawings in which: 

FIGURE 1 is a schematic side view, with ele- 
ments partially in cross section, illustrating de- 
position of vaporized metal upon a substrate; 
FIGURE 2 is a magnified illustration of the result- 
ing prolate spheroid metal particles deposited on 
a substrate in accordance with the present inven- 
tion; 

FIGURE 3 is an electron microscope picture of a 
surface coated in accordance with the present in- 
vention; and 

FIGURES 4 and 5 are graphs illustrating contrast 
curves for various deposition methods in accor- 
dance with the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The anisotropic polarization dependence of the 
optical absorbance of spheroidal metal particles is 
well known from such texts as van de Hulst and the 
suspension of such particles in glass (Corning) or 
plastics (Land). The properties of spheroidal metal 
particles on flat surfaces has been investigated by 
practioners of Surfaced Enhanced Ramann Scatter- 
ing (SERS). Scientific investigators have observed 
weak polarization effects in metal thin films. The 
present invention places metal particles on the sur- 
face of a transparent optical material in such a way as 
to achieve significant anisotropic absorption of light 
with large transmission of the polarization component 
vibrating perpendicular to the alignment axis and 
large absorbance of the component vibrating parallel 
to the alignment axis so as to make the material use- 
ful as a polarizer. The present invention includes a 
process for selecting the particle volume and aspect 
ratio to effectively tune the wavelength of peak polar- 
ization of the material to the desired wavelength in the 
range covering 450 nm to 3000 nm. 

A transparent optical lement s lected for the 
substrate of the polarizing material may comprise, for 
example, a 25 mm diameter disc f BK-7 glass which 
has b n polished to an optical quality, microscopi- 
cally smooth finish. A method for the application of a 
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coating of silver particles to the surface of a substrat 
is vaporativ vacuum deposition. An important as- 
pect of the pr sentinv ntionisth d position techni- 
que of impinging vaporated m tal on the substrate 
at an angle near the grazing angle greater than 85 de- 5 
grees to the normal of the substrate surface to form 
prolate spheroids on the surface of the substrate. 

Referring now to FIGURE 1 , a method of forming 
a light polarizing material according to the present in- 
vention is illustrated. The method utilizes a vacuum 10 
deposition system, generally identified by the numer- 
al 10. Asubstrate 12 having a microscopically smooth 
surface 12a is mounted on a substrate holder 14 in a 
bell jar 16. Substrate 12 is mounted to substrate hold- 
er 14 by utilizing, for example, screws or adhesive. 15 
Substrate holder 14 is attached to a support 18 
through a pin 20 which allows substrate holder 14 and 
substrate 12 to pivot or rotate relative to support 18. 
The deposition system 10 includes a heater element 
22 having a receptacle 24 for retaining material, such 20 
as in the preferred embodiment of the present inven- 
tion, metal source 26 to be vaporized. Heater element 
22 is connected to heater electrodes 28 and 30 which 
are in turn connected to a source of power (not 
shown). Between metal source 26 and substrate 12 25 
is a collimating apparatus 32 having a collimating slit 
or aperture 34. 

The substrate 12 is mounted to substrate holder 
14 and positioned at the desired angle to a metal de- 
position beam 36 at a distance of approximately 20 30 
cm from the metal source 26 inside bell jar 16. The 
substrate holder 14 is designed so that the substrate 
12 can be rotated 180 degrees about the normal to 
substrate 12 at the center of substrate 12. Substrate 
Position 1 as used herein will refer to the alignment 35 
of substrate 12 at 6 degrees between the direction of 
impinging metal deposition beam 36 and an axis 38 
to substrate 12 as shown in Figure 1. Substrate Pos- 
ition 2 as used herein will refer to alignment of sub- 
strate 12 when rotated 180 degrees from Position 1 40 
about an axis in the center of the substrate 12 normal 
to the surface. 

In operation, the process according to the prefer- 
red embodiment of the present invention includes first 
cleaning surface 12a of substrate 12 before mounting 45 
substrate 12 in bell jar 16. The metal source 26 to be 
vapor deposited is placed in receptacle 24 which in 
turn is connected to a source of current Before acti- 
vating the current source the bell jar 16 is evacuated 
to a pressure less than 0.00001 torr using known tech- so 
niques. When the deposition process is activated, 
metal atoms adhere to the surface of the substrate 12 
and form a prolate sph roid shap particle with the 
long axis of the sph roid aligned with the direction of 
the evaporat d metal deposition beam 36. A m tal of 55 
choice for a pref rred embodiment of the pr sent in- 
vention is pure silv r. Samples in accordance with the 
present inv ntion described h rein w r pr pared by 



evaporating 0. 1 25 cc of si Iv r, but only a small faction 
of th silv r actually is d posit d on the surface 12a 
of substrate 12. 

FIGURE 2 illustrates th resulting vaporiz d met- 
al pattern on surface 12a of substrate 12 to form a 
plurality of prolate spheroid shaped particles 40 with 
their longitudinal axis aligned with the direction of the 
evaporated metal deposition beam 36. FIGURE 3 il- 
lustrates a transmission electron microscope picture 
of the coating formed. 

A variety of deposition techniques have been de- 
veloped for preparing island film of disconnected met- 
al particle with shapes which are spherical, ellipsoidal 
and in the shape of whiskers. The present method 
provides for preparation of silver metal particles 
which exhibit the distinctive polarization behavior of 
prolate metal spheroids. In addition, the process pro- 
vides for selecting the wavelength of peak polariza- 
tion by causing the evaporated metal 26 to impinge on 
substrate surface 12a in a specific sequence of im- 
pingement directions with a specific fraction of silver 
arriving at the surface 12a in each sequence. This 
procedure physically selects the effective length-to- 
width ratio of the metal particles 40 which determines 
the wavelength of peak polarization. In addition, the 
wavelength of peak absorption can be shifted to lon- 
ger wavelength by increasing the refractive index of 
the medium which surrounds the metal particles 40. 
The metal particles 40 which are deposited directly on 
the surface of the substrate 12 are effectively sur- 
rounded by air with a refractive index of 1.0. The re- 
fractive index can be increased by evaporatively or 
chemically coating substrate 12 with material having 
a high index of refraction. This method of wavelength 
selection is demonstrated herein by the application of 
an optical adhesive with refractive index of 1.50. Va- 
rious methods of producing polarizing materials in ac- 
cordance with the present invention will now be de- 
scribed. 

A first deposition method divides the process into 
two parts so that half of the silver deposition material 
is deposited in Position 1 and half of the silver is de- 
posited in Position 2. Peak polarization occurs at 900 
nm with particle transmittances ki = .68 and k 2 
= .0029. The film has contrast of about 235 at 900 nm. 
Contrast is defined as k A /k 2 where ^ is the maximum 
transmittance (light linearly polarized perpendicular 
to the longitudinal axis) and k 2 is the minimum trans- 
mittance (light polarized parallel to the longitudinal 
axis). The contrast curve is illustrated as curve 50 in 
FIGURE 4. 

A second deposition method divides the process 
into four parts so that half the silv r is deposited in 
Position 1 and half of th silv r is deposited in Posi- 
tion 2. Four depositions wer mad in the position or- 
d r 1,2, 1,2. Peak polarization occurs at 700 nm with 
principle transmittances kj = .60 and k 2 = .0028. Th 
contrast at 700 nm is about 214. The contrast curv 
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is illustrated as curve 52 in FIGURE 4. 

A third deposition method divides the process 
int 6 parts so that one half of the silver is deposit d 
in Position 1 and on half of the silver is deposited in 
Position 2. Six depositions were made in the position 5 
order 1 ,2, 1 ,2, 1 ,2. Peak polarization occurs at 550 nm 
with principle transmittances ^ = .58 and k 2 = .0038. 
The contrast is about 153. The contrast curve is illu- 
strated as curve 54 in FIGURE 4. 

A fourth deposition method divides the process 10 
into eight parts so that half of the silver is deposited 
in Position 1 and half of the silver is deposited in Pos- 
ition 2. Eight depositions were made in the position or- 
der 1,2, 1,2, 1,2, 1,2. Peak polarization occurs at 550 
nm with principle transmittances k, = .42 and k 2 is 
= .0022 and contrast of about 191 . The contrast curve 
is illustrated as curve 56 in FIGURE 4. 

A fifth deposition method includes the process of 
the first deposition method described above and then 
coating the surface of the metal film with optical ad- 20 
hesive (Norlin) which has an index of refraction of 
1 .50. The wavelength of peak absorption shifts from 
900 nm to 1350 nm. This method illustrates the ana- 
lytical prediction stating that the wavelength of peak 
polarization will be approximately equal to the wave- 25 
length of peak polarization in air times an index of re- 
fraction of the material surrounding the particles. The 
contrast curve is illustrated as curve 58 in FIGURE 
4. 

Asixth deposition method includes the process of 30 
the third deposition method described above with the 
following modification in the preparation of the sub- 
strate 12 in order to improve the polarizing character- 
istics of the material at 600 nm. Substrate 12 is first 
coated with silver and heattreated prior to application 35 
of the third method. The substrate 12 is coated by the 
first method described above using 0.025 cc of silver 
for the total evaporation. The substrate 12 is heated 
in a vacuum system for 4 minutes at a distance of 10 
cm from receptacle 24 at the temperature normally re- 40 
quired to evaporate silver. The precoat of heated sil- 
ver joins the silver deposited according to the third 
method to produce improved contrast of 1466 at 600 
nm as shown by curve 60 on FIGURE 5. 

The layer of silver particles deposited on sub- 45 
strate 12 can be formed by transfer from another sub- 
strate by lift-off techniques. The original deposition 
surface is precoated with a light coat of Teflon which 
is invisible to the eye. The silver particles are depos- 
ited on top of the Teflon precoat Substrate 1 2 is coat- so 
ed with optical adhesive which is pressed against the 
surface of the substrate coated with silver particles. 
The adhesive is cured and the substrates are sepa- 
rated! avingth silver partid f ilm transf rred to the 
surface of substrate 12 by attachment to th ptical 55 
adhesive. 

Although vapor deposition techniques hav been 
disclosed herein for d positing the prolate sph raid 



m tal particles 40 on th surface f substrate 12, ad- 
ditionally, lithographic methods may b utilized for 
depositing the m tal particles 40 such as d scribed 
in "Optical Absorbance of Silv r Ellipsoidal Particles"; 
M. C. Buncick, R. J. Warmack and T. L. Ferrell; J. Opt. 
Society of American B ; Vol. 4, June 1987, page 927- 
933; and "Fabrication of a High Density Storage Me- 
dium for Electron Beam Memory"; J. A. Oro and J. C. 
Wolf; J. Vac. Science Technology B1(4) ; Oct-Dec 
1983, page 1088-1090. 

It therefore can be seen that the present invention 
provides for a polarizer and method for manufacturing 
polarizing material having high performance for both 
the visible and near-infrared spectral region. The 
present invention provides for covering the surface of 
an optical material with aligned prolate spheroid metal 
particles in which the light polarization component 
parallel to the alignment direction of the metal partic- 
les is absorbed and the polarization component per- 
pendicular to the alignment of the metal particles is 
transmitted. 

Whereas the present invention has been descri- 
bed with respect to specific embodiments thereof, it 
will be understood that various changes and modifi- 
cations will be suggested to one skilled in the art and 
it is intended to encompass such changes and modi- 
fications as fall within the scope of the appended 
claims. 



Claims 

1 . A light polarizer, comprising: 

a transparent substrate (12); and 
a plurality of prolate spheroid metal partic- 
les (40) disposed on the surface of said transpar- 
ent substrate, each of said metal particles having 
a longitudinal axis and a length less than the wa- 
velength of the light to be polarized, said plurality 
of metal particles being disposed on said trans- 
parent substrate, such that said longitudinal axes 
are aligned parallel to one another to thereby ab- 
sorb unwanted light which is polarized in a direc- 
tion parallel to said longitudinal axes of said metal 
particles and to transmit desired light which is po- 
larized in a direction perpendicular to the longitu- 
dinal axes of said metal particles. 

2. The light polarizer of Claim 1 where said plurality 
of metal particles transmit light with the electric 
vector vibrating perpendicular to the longitudinal 
axes of said metal particles and absorb light with 
the electric vector vibrating parallel to the longi- 
tudinal axes of said metal particles, said absorp- 
tion reaching a peak at a wavel ngth determined 
by the aspect ratio of the metal particles and th 
index of refraction of material surrounding said 
metal particles. 
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3. Th light polarizer of Claim 1 wher in said trans- 
parent substrat is select d from th group of 
glasses and plastics transparent to visible light 

4. The light polarizer of Claim 1 wherein said trans- 
parent substrate is selected from the group of 
glasses and plastics transparent to infrared radi- 
ation. 

5. The light polarizer of Claim 1 wherein the length- 
to-width ratio of said metal particles are selected 
from values in the range from about 1 to about 20 
to thereby set the wavelength of peak polariza- 
tion in the wavelength band between about 300 
nm and the near-infrared spectral region. 

6. The light polarizer of Claim 1 wherein the index 
of refraction of material surrounding the particles 
is selected to select the wavelength of peak po- 
larization. 

7. The light polarizer of Claim 1 and further includ- 
ing: 

a plurality of layers of transparent sub- 
strates wherein one or more surfaces of said plur- 
ality of said transparent substrates are covered 
with one or more layers of metal particles. 

8. The light polarizer of Claim 1 wherein said metal 
particles have an effective volume of spheres ap- 
proximately 5 nm to 100 nm in diameter. 

9. The light polarizer of Dai m 1 wherein the density 
and volume of said metal particles are chosen to 
select transmittances ^ and k 2 of the polarizing 
material to achieve a contrast ratio k t /k 2 greater 
than 1 000 at the wavelength of peak polarization, 
wherein k, is the maximum transmittance of light 
linearly polarized perpendicular to the longitudi- 
nal axes and k 2 is the minimum transmittance of 
light polarized parallel to the longitudinal axes. 

10. The light polarizer of Claim 1 wherein said metal 
particles are deposited on the surface of said 
transparent substrate utilizing vacuum deposi- 
tion. 

11. The light polarizer of Claim 1 wherein said metal 
particles are formed by lithography. 

12. The light polarizer of Claim 1 wherein said metal 
particles comprise silver. 

13. Th light polariz rof Claim 1 wh rein said m tal 
particles are transferred to the surfac of said 
transparent substrate. 

14. The light polarizer of Claim 7 wher in said metal 



particles are d posited on the surface of said 
transpar nt substrate in two or more layers s pa- 
rated by transparent layers. 

5 15. A process of making light polarizing material, 
comprising: 

forming a plurality of prolate spheroid met- 
al particles disposed on the surface of a transpar- 
ent substrate, each of the metal particles having 

10 a longitudinal axis and a length less than the wa- 

velength of the light to be polarized, the plurality 
of metal particles being disposed on the transpar- 
ent substrate, such that the longitudinal axes are 
aligned parallel to one another to thereby absorb 

15 unwanted light which is polarized in a direction 

parallel to the longitudinal axes of the metal par- 
ticles and to transmit desired light which is pola- 
rized in a direction perpendicular to the longitudi- 
nal axes of the metal particles. 

20 

16. The process of Claim 15 where the plurality of 
metal particles transmit light with the electric vec- 
tor vibrating perpendicular to the longitudinal 
axes of the metal particles and absorb light with 

25 the electric vector vibrating parallel to the longi- 
tudinal axes of the metal particles, and selecting 
maximum absorption at a wavelength deter- 
mined by the aspect ratio of the metal particles 
and the index of refraction of material surround- 

30 ing said metal particles. 

17. The process of Claim 15 including the selecting 
the transparent substrate from the group of 
glasses and plastics transparent to visible light. 

35 

18. The process of Claim 15 including the selecting 
the transparent substrate from the group of 
glasses and plastics transparent to infrared radi- 
ation. 

40 

19. The process of Claim 15 including the selecting 
the length-to-width ratio of the metal particles 
from values in the range from about 1 to about 20 
to thereby set the wavelength of peak polariza- 

45 tion in the wavelength band between about 300 
nm and the near-infrared spectral region. 

20. The process of Claim 15 including the selecting 
the index of refraction of material surrounding the 

so particles to select the wavelength of peak polari- 
zation. 

21. The process of Claim 15 and further including 
th : 

55 creating a plurality of layers of transparent 

substrates wherein on or more surfaces of the 
plurality of the transparent substrates are cov- 
ered with one or more layers of metal particles. 
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el ktrischer Feldvektor senkrecht zu d n Langs- 
achsen der Metallpartik I schwingt, und Licht ab- 
sorbiert, dessen elektrisch r F Idv kt r parallel 
zu den Langsachsen d r Metal I parti kel schwingt, 
5 wobei die Absorption ein Maximum bei einer Wel- 

lenlange erreicht, die durch das Lange/Breite- 
Verhaltnis der Metallpartikel und durch den Bre- 
chungsindex des die Metallpartikel umgebenden 
Materials bestimmt ist. 

10 

3. Lichtpolarisator nach Anspruch 1 , wobei das licht- 
durchlassige Substrat aus der Gruppe aus Gla- 
sern und Kunststoffen ausgewahlt ist, die fur 
sichtbares Licht durchlassig sind. 

15 

4. Lichtpolarisator nach Anspruch 1 , wobei das licht- 
durchlassige Substrat aus der Gruppe aus Gla- 
sern und Kunststoffen ausgewahlt ist, die bei In- 
f rarotstrahlung durchlassig sind. 

20 

5. Lichtpolarisator nach Anspruch 1 , wobei das Lan- 
ge/Breite-Verhaltnis der Metallpartikel aus Wer- 
ten in einem Bereich von ungefahr 1 bis ungefahr 
20 ausgewahlt ist, um dadurch die Wellenlange 

25 der maximalen Polarisation im Wellenlangenbe- 
reich zwischen ungefahr 300 nm und dem nahen 
Infrarotspektralbereich einzustellen. 



22. The process of Claim 15 wherein the metal par- 
ticles are form d to hav an eff ctiv volum of 
a sphere with diam ter approximat ly 5 nm to 
100 nm. 

23. The process of Claim 15 wherein the density and 
volume of the metal particles are formed to select 
transmittances k t and k 2 of the polarizing material 
to achieve a contrast ratio k^ greater than 1 000 
at the wavelength of peak polarization, wherein k^ 
is the maximum transmittance of light linearly po- 
larized perpendicular to the longitudinal axes and 
k 2 is the minimum transmittance of light polarized 
parallel to the longitudinal axes. 

24. The process of Claim 15 wherein the metal par- 
ticles are formed on the surface of said transpar- 
ent substrate by vacuum deposition. 

25. The process of Claim 15 wherein the metal par- 
ticles are formed by lithography. 

26. The process of Claim 15 wherein the metal par- 
ticles comprise silver. 

27. The process of Claim 15 wherein the metal par- 
ticles are transferred to the surface of the trans- 
parent substrate. 

28. The process of Claim 21 wherein the metal par- 30 
tides are deposited on the surface of said trans- 
parent substrate in two or more layers separated 

by transparent substrate layers. 



Patentanspruche 

1. Lichtpolarisator, mit 

einem lichtdurchiassigen Substrat (12); 
und 40 

einer Anzahl von langgestreckten, rundli- 
chen Metall parti keln (40), die an der Oberf lache 
des lichtdurchiassigen Substrats angeordnet 
sind, wobei jedes der Metallpartikel eine Langs- 
achse und eine Lange hat, die kleiner ist aJs die 45 
Wellenlange des zu poiarisierenden Licht s, wo- 
bei die Anzahl der Metallpartikel so auf dem licht- 
durchiassigen Substrat angeordnet ist, daft die 
Langsachsen parallel zueinander verlaufen, um 
dadurch unerwunschtes Ucht, welches in einer 50 
Richtung parallel zu den Langsachsen der Me- 
tallpartikel polarisiert ist, zu absorbieren und um 
erwunschtes Licht, welches in einer Richtung 
senkrecht zu den Langsachs nd rM tallpartikel 
polarisiert ist, hindurchzulass n. 55 

2. Lichtpolarisator nach Anspruch 1, wobei die An- 
zahl d r Metallpartik I Licht hindurchlaftt, dess n 



6. Lichtpolarisator nach Anspruch 1 , wobei der Bre- 
chungsindex des die Partikel umgebenden Mate- 
rials ausgewahlt ist, um die Wellenlange der ma- 
ximalen Polarisation auszuwahlen. 

7. Lichtpolarisator nach Anspruch 1, der weiterhin 
enthalt: 

eine Anzahl lichtdurchlassiger 
Substrat sen ich ten, wobei eine Oder me h re re Fla- 
chen dieser Anzahl lichtdurchlassiger Substrate 
mit einer oder mehreren Metal I parti kelschichten 
bedeckt sind. 

8. Lichtpolarisator nach Anspruch 1, wobei die Me- 
tallpartikel ein effektives Kugelvolumen mit ei- 
nem Durchmesser von ungefahr 5 nm bis 100 nm 
haben. 

9. Lichtpolarisator nach Anspruch 1 , wobei die Dich- 
te und das Volumen der Metallpartikel gewahlt 
sind, um Transmissionsgrade k, und k 2 des Pola- 
ris ierungsmaterials auszuwahlen, durch die ein 
Kontrastverhaltnis k,/k 2 erreicht wird, das bei der 
Wellenlange der maximalen Polarisation groRer 
als 1000 ist, wobei k, der maximale Transmissi- 
onsgradd s Lichts ist, welches s nkrechtzud n 
Langsachs n linear polarisiert ist, und k 2 der mi- 
nimale Transmissionsgrad d s Lichts ist, w 1- 
ches parallel zu d n Langsachsen polarisiert ist 
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10. Lichtpolarisator nach Anspruch 1, wobei di Me- 
tallpartik I mitt Is Vakuumabscheidung auf der 
Oberflach d s lichtdurchlassigen Substrats 
aufgebracht werd n. 

5 

11. Lichtpolarisator nach Anspruch 1, wobei die Me- 
tallpartikel durch Lrthographie gebildet sind. 

12. Lichtpolarisator nach Anspruch 1, wobei die Me- 

tall parti kel Silber enthalten. 10 

13. Lichtpolarisator nach Anspruch 1, wobei die Me- 
talipartikel auf der Oberflache des lichtdurchlas- 
sigen Substrats aufgebracht sind. 

15 

14. Lichtpolarisator nach Anspruch 7, wobei die Me- 
tallpartikel auf die Oberflache des lichtdurchlas- 
sigen Substrats in zwei oder mehreren Schichten 
aufgebracht sind, die durch lichtdurchlassige 
Schichten voneinander getrennt sind. 20 

15. Verfahren zur Herstellung von lichtpolarisieren- 
dem Material, mit: 

Ausbilden einer Anzahl von langgestreck- 
ten, rundiichen Metallpartikeln (40), die an der 25 
Oberflache des lichtdurchlassigen Substrats an- 
geordnet sind, wobei jedes der Metall parti kel ei- 
ne Langsachse und eine Lange hat, die kleiner ist 
als die Wellenlange des zu polarisierenden 
Lichts, wobei die Anzahl der Metall parti kel so auf 30 
dem lichtdurchlassigen Substrat angeordnet ist, 
daB die Langsachsen parallel zueinander verlau- 
fen, um dadurch unerwunschtes Licht, welches in 
einer Richtung parallel zu den Langsachsen der 
Metallpartikel polarisiert ist, zu absorbieren und 35 
um erwunschtes Licht abzugeben, welches in ei- 
ner Richtung senkrecht zu den Langsachsen der 
Metallpartikel polarisiert ist, hindurchzulassen. 

16. Verfahren nach Anspruch 15, wobei die Anzahl 40 
der Metallpartikel Licht durchla&t, dessen elektri- 
scher Feldvektor senkrecht zu den Lingsachsen 

der Metallpartikel schwingt, und Licht absorbiert, 
dessen elektrischer Feldvektor parallel zu den 
Langsachsen der Metallpartikel schwingt, wobei 45 
die Absorption ein Maximum bei einer Wellenlan- 
ge erreicht, die durch das Lange/Breite-Verhalt- 
nis der Metallpartikel und durch den Brechungs- 
index des die Metallpartikel umgebenden Mate- 
rials bestimmt ist. 50 

17. Verfahren nach Anspruch 15, welches das Aus- 
wahl nd s lichtdurchlassigen Substrats ausd r 
Gruppe aus Glas rn od r Kunststoff n enthalt, 

die fur sichtbar s Licht durchlassig sind. 55 

18. Verfahr n nach Anspruch 15, welches das Aus- 
wahlen des lichtdurchlassigen Substrats aus der 



Gruppe aus Glasern und Kunststoffen enthalt, 
die fur Inf rarotstrahlung durchlassig sind. 

19. V rfahren nach Anspruch 15, welch s das Aus- 
wahlen des Lange/Breite-Verhaltnisses der Me- 
tallpartikel aus Werten in einem Bereich von un- 
gefahr 1 bis ungefahr 20 umfaRt, um dadurch die 
Wellenlange der maximalen Polarisation im Wel- 
lenlangenbereich zwischen ungefahr 300 nm und 
dem nahen I nfrarotspektral bereich einzusteilen. 

20. Verfahren nach Anspruch 15, welches das Aus- 
wahlen des Brechungsindex des die Partikel um- 
gebenden Materials umfaftt, um die Wellenlange 
der maximalen Polarisation auszuwahlen. 

21. Verfahren nach Anspruch 15, welches weiterhin 
umfa&t 

Ausbilden eine Anzahl lichtdurchlassiger 
Substratschichten, wobei eine Oder mehrere Fla- 
chen dieser Anzahl lichtdurchlassiger Substrate 
mit einer oder mehreren Metall partikelschichten 
bedeckt sind. 

22. Verfahren nach Anspruch 15, wobei die Metall- 
partikel ein effektives Kugelvolumen mit einem 
Durchmesser von ungefahr 5 nm bis 100 nm ha- 
ben. 

23. Verfahren nach Anspruch 15, wobei die Dichte 
und das Vol umen der Metallpartikel gewahlt sind, 
um Trans miss ion sgrade und k 2 des Poiarisie- 
rungsmaterials auszuwShlen, durch die ein Kon- 
trastverhaltnis k^Ik 2 erreicht wird, das bei der 
Wellenlange der maximalen Polarisation groRer 
als 1000 ist, wobei kt der maximale Transmiss'h 
onsgrad des Lichts ist, welches senkrecht zu den 
Langsachsen linear polarisiert ist, und k 2 der mi- 
ni male Transmissionsgrad des Lichts ist, wel- 
ches parallel zu den Langsachsen polarisiert ist. 

24. Verfahren nach Anspruch 15, wobei die Metall- 
partikel mittels Vakuumabscheidung auf der 
Oberflache des lichtdurchlassigen Substrats 
aufgebracht werden. 

25. Verfahren nach Anspruch 15, wobei die Metall- 
partikel durch Lithographie gebildet werden. 

26. Verfahren nach Anspruch 15, wobei die Metall- 
partikel Silber enthalten. 

27. V rfahren nach Anspruch 15, wobei die M tall- 
partik I auf die Ob rflache des lichtdurchlassi- 
g n Substrats aufgebracht werden. 

28. Verfahren nach Anspruch 21, wob i die M tall- 
partikel auf die Oberflache des lichtdurchlassi- 
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gen Substrats in zw i oder mehr ren Schichten 
aufgebracht werden, die durch lichtdurchlassige 
Schichten von inand rg tr nntsind. 



Revendications 

1 . Polariseur de lumiere, comprenant : 
un substrat transparent (12), et 
plusieurs particules metalliques spheroT- 
dales allongees (40) disposees a la surface du 
substrat transparent, chacunedes particules me- 
talliques ayant un axe longitudinal et une lon- 
gueur inferieure a la longueur d'onde de la lumie- 
re a polariser, les particules metalliques etant dis- 
posees sur le substrat transparent de maniere 
que les axes longitudinaux soient alignes paral- 
lelement les uns aux autres, avec absorption de 
cette maniere de lumiere indesirable qui est po- 



3. Polariseur de lumiere selon la revendication 1 , 
dans lequel le substrat transparent est choisi 
dans le groupe des verres et des matieres plas- 
tiques transparents a la lumiere visible. 



6. Polariseur d lumier s Ion la revendication 1, 
dans lequel I'indice de refraction du materiau n- 
tourant les particules est choisi de manier que 
la longu ur d'onde de la polarisation de crete soit 

5 selectionnee. 

7. Polariseur de lumiere selon la revendication 1, 
comprenant en outre plusieurs couches de subs- 
trats transparents dont une ou plusieurs surfa- 

10 ces de substrat transparent sont revenues d'une 

ou plusieurs couches de particules metalliques. 

8. Polariseur de lumiere selon la revendication 1, 
dans lequel les particules metalliques ont un vo- 

15 lume eff icace de spheres d'environ 5 a 1 00 nm de 

diametre. 

9. Polariseur de lumiere selon la revendication 1, 
dans lequel la densite et le volume des particules 
metalliques sont choisis de maniere que les coef- 
ficients de transmission kj et k 2 du materiau po- 
lariseur soient selectio nnes af in qu'ils donnent un 
rapport de contraste k 1 /k 2 superieur a 1 000 a la 
longueur d'onde de polarisation de cr§te, k, etant 
le coefficient de transmission maximal de la lu- 
miere polarisee lineairement perpendiculalre- 
ment aux axes longitudinaux et k 2 6tant le coef- 
ficient de transmission minimal de la lumiere po- 
larissee parallelement aux axes longitudinaux. 

10. Polariseur de lumiere selon la revendication 1, 
dans lequel les particules metalliques sontdepo- 
sees a la surface du substrat transparent par de- 
p6t sous vide. 

11. Polariseur de lumiere selon la revendication 1, 
dans lequel les particules metalliques sont for- 
mees par lithographie. 

40 12. Polariseur de lumiere selon la revendication 1, 
dans lequel les particules metalliques compren- 
nent de Tangent 



larisee en direction parallele aux axes longitudi- 20 
naux des particules metalliques, et avec trans- 
mission de la lumiere vouiue qui est polarisee en 
direction perpendiculaire aux axes longitudinaux 
des particules metalliques. 

25 

2. Polariseur de lumiere selon la revendication 1 , 
dans lequel les particules metalliques transmet- 
tent la lumiere dont le vecteur electrique vibre 
perpendiculairement aux axes longitudinaux des 
particules metalliques et absorbent la lumiere 30 
dont le vecteur electrique vibre parallelement aux 
axes longitudinaux des particules metalliques, 
rabsorptton atteignant une valeur de cr£te a une 
longueur d'onde determinee par le rapport d'al- 
longement des particules metalliques et I'indice 35 
de refraction du materiau entourant les particules 
metalliques. 
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4. Polariseur de lumiere selon la revendication 1 , 
dans lequel le substrat transparent est selection- 45 
ne dans le groupe des verres et des matieres 
plastiques transparents au rayonnement infra- 
rouge. 

5. Polariseur de lumiere selon la revendication 1 , 50 
dans lequel le rapport longueur-largeur des par- 
ticules metalliques est selectionne parmi des va- 

I urs comprises dans un plage allant d'environ 
1 a 20 af in qu la longueur d'ond d polarisation 
de crete soit ainsi reglee dans la bande d Ion- 55 
gueurs d'ond comprise entre environ 300 nm t 
la region spectrale du proche inf raroug . 



13. Polariseur de lumiere selon la revendication 1, 
dans lequel les particules metalliques sont repor- 
tees a la surface du substrat transparent. 

14. Polariseur de lumiere selon la revendication 7, 
dans lequel les particules metalliques sontdepo- 
sees a la surface du substrat transparent en au 
moins deux couches separees par des couches 
transparentes. 

15. Procede d fabrication d matiere polarisant la 
lumier .comprenant: 

la formation de plusieurs particul s me- 
talliques spheroTdales allong&es disposees a la 
surface d'un substrat transparent, chacune des 
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particu! s metalliques ayant un axe longitudinal 
etune longueur inferi ure a la longueur d'ond de 
la lumiere a poiariser, I s particu! s metalliques 
etant dispose s sur I substrat transpar nt de 
maniere que les axes longitudinaux soient ali- 5 
gnes parallelement les uns aux autres et provo- 
quent ainsi ('absorption de lumiere indesirable qui 
est poiarisee en direction parallele aux axes lon- 
gitudinaux des particules metalliques et la trans- 
mission de la lumiere voulue qui est poiarisee en 10 
direction perpend iculaire aux axes longitudinaux 
des particules metalliques. 

16. Precede selon la revendication 15, dans lequel 
les particules metalliques transmettent la lumiere 15 



ayant un vecteur electrique vibrant perpendicu- 
lairement aux axes longitudinaux des particules 
metalliques et absorbant la lumiere ayant un vec- 
teur electrique vibrant parallelement aux axes 
longitudinaux des particules metalliques, et le 
procede comprend la selection de ('absorption 
maximale a une longueur d'onde determined par 
le rapport d'allongement des particules metalli- 
ques et I'indice de refraction du materiau entou- 
rant les particules metalliques. 

17. Procede selon la revendication 15, comprenant la 
selection du substrat transparent parmi le groupe 
des verres et des matieres plastiques transpa- 
rents a la lumiere visible. 



les particules metalliqu s sont forme s avec un 
volume eff icace de spher s dont I diametre est 
compris ntre environ 5 t100nm. 

23. Procede selon la revendication 15, dans lequel la 
densite et le volume des particules metalliques 
sont tels que les coefficients de transmission ^ 
et k 2 du materiau polarisant sont selection nes 
pour donner un rapport de contraste k 1 /k 2 supe- 
rieur a 1 000 a la longueur d'onde de polarisation 
de crete, k-, etant le coefficient de transmission 
maximal de la lumiere poiarisee lineairement en 
direction perpendiculaire aux axes longitudinaux, 
et k 2 etant le coefficient de transmission minimal 
de la lumiere poiarisee parallelement aux axes 
longitudinaux. 

24. Procede selon la revendication 15, dans lequel 
les particules metalliques sont formees a la sur- 

20 face du substrat transparent par depot sous vide. 

25. Procede selon la revendication 15, dans lequel 
les particules metalliques sont formees par litho- 
graphie. 

25 

26. Procede selon la revendication 15, dans lequel 
les particules metalliques contiennent de I'ar- 
gent 

30 27. Procede selon la revendication 15, dans lequel 
les particules metalliques sont transferees a la 
surface du substrat transparent. 

28. Procede selon la revendication 21, dans lequel 
les particules metalliques sont deposees a la sur- 
face du substrat transparent en au moins deux 
couches separees par des couches de substrats 
transparents. 



18. Procede selon la revendication 15, comprenant la 
selection du substrat transparent dans le groupe 
comprenant les verres et les matieres plastiques 
transparents au rayonnement inf rarouge. 35 

19. Proc6de selon la revendication 15, comprenant la 
selection du rapport longueur-largeur des parti- 
cules metalliques parmi des valeurs comprises 
entre environ 1 et 20 af in que la longueur d'onde 40 
de polarisation de crete soit reglee dans la bande 

des longueurs d'ondes comprise entre environ 
300 nm et la region spectrale du proche inf rarou- 
ge- 

45 

20. Procede selon la revendication 15, comprenant la 
selection de I'indice de refraction du materiau en- 
tourantles particules afin que la longueur d'onde 
de polarisation de crete soit selectionnee. 

50 

21. Procede selon la revendication 15, comprenant 
en outre la creation de plusieurs couches de 
substrats transparents, une ou plusi urs surfa- 
ces parmi les substrats transparents etant reve- 
tues d'un ou plusieurs couches de particules 55 
metalliques. 

22. Procede selon la rev ndication 15, dans I quel 
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